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INTRODUCTION

The research reported upon in this report is an extension of work
conducted under the MICOM container cushioning research effort [1-10].
In particular, mathematical cushioning models for the AIRCAP material
were investigated which parallel the research performed on the ethafoams,
urethanes, and the Minicel cushioning materials.

The logic behind the investigation of the AIRCAP material as a
cushioning system for fragile missile components stems from the physical
construction of the material. AIRCAP is a cellular polyethylene cushion-
ing material manufactured by the Sealed Air Corporation of Fair Lawn,
New Jersey. The density of the material varies from 0.5 to 2.0 1bs./ft.}
depending upon the grade of the material utilized. The material is con-
structed of two layers of barrier-coated polyethylene film permanently
laminated together. One of the iayers is embossed with a pattern of
dome shaped cells containing entrapped air, which provides the cushion-
ing properties.

In an attempt to achieve compatibility with the other cushioning
materials modeled, the grade of AIRCAP investigated was the extra heavy
duty type SD-480. The cells in this material type are 1/2 inch high and
1 1/4 inches wide. The density of SD-480 is approximately 2.0 1bs./ft.}.

Concern over the use of this material as a cushioning system encom-
passing the military temperature range (-65°F to 160°F) is based upon
the unknown effects of extreme temperatures upon this material. Experi-
mental data concerning the AIRCAP materials' performance at extreme
temperatures does not appear to exist. MIL-HDBK-304 A [11] provides
dynamic cushioning curves at only the ambient temperature for the usual

four drop heights for a polyethylene material (assumed to be AIRCAP).




The AIRCAP material apparently has not been drop tested at the tempera-

ture extremes. Inasmuch as a prominent portion (air) of the cushioning

S

j system is significantly affected by teﬁperature changes, it appears that
. extreme temperatures may adversely affect the AIRCAP materials' perfor-

mance.




v - - -
T b R | e ———— - e W e 4w = e

o 4

1
.

G P oW eEg e e

TEST PLAN

The data acquisition structure was similar to that identified in

UAH Research Report No. 159 or MICOM Report No. RL-CR-75-1, Volume III,

entitled "Temperature Sensitive Dynamic Cushioning Function Development

and Validation for Polyester and Polyether Type Polyurethane Foam". The

temperature levels considered were -65°F, ~20°F, 20°F, 70°F, 110°F, and

160°F.

Drop heights utilized were 12, 18, 24, and 30 inches.

Specific unique details concerning the AIRCAP test procedure are

contained in the nine steps which follow:

1.

Condition 1200 test specimens (1/2" thickness) of the AIRCAP ma-
terial by dropping on them once, six test specimens at a time,
from a 24" drop height measured from the top of the test speci-
men, at a static stress value of 0.7 psi. The test specimens
are stacked with the flat surface down (bubbles up) when per-
forming the drop test.

Basic conditions are:

a) 1" sample consists of two 1/2" material samples.

b) 2" sample consists of four 1/2" material samples.

c) 3" sample consists of six 1/2" material samples.

The data is to be recorded on the provided data sheets (Table 1).
Test specimens are loaded into conditioning bins with flat side
down. Each bin will hold enough test specimens for 12 drop
tests (48" of cushioning material).

The testing sequence (1-12) has been randomly established by

the representative numbers for each of the twelve blocks on the
data sheet. The first composite combination to be tested is
identified with a 1 in the upper right hand corner of one of

the 12 identically shaped blfcks on each data sheet.
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Table 1. Typical Data Form.
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Two experimental values are to be recorded for each drop test.
The value to be recorded on the upper portion of the individual
data location is the peak G value. Below this value should be
recorded the pulse width in milliseconds.

The first static stress lTevel to be tested will be 0.1 psi.
Additional static stress levels to be tested (in order) are
0.07, 0.05, 0.3, 0.5, 0.7, and 1.0.

A total of four sets of test specimens will be required, where a
set is defined as 24-1" (48-1/2"), 24-2" (96-1/2"), 24-3"
(144-1/2") test specimens. Each conditioning chamber requires
two unique sets of test specimens, so one set can be returning
to ambient temperature while the other set is being conditioned
for dropping. A minimum of 952 test specimens are required.
However, past experience indicates that some test specimens will
be damaged and consequently discarded. Thus, the requirement
for 1200 test specimens as shown in step 1 is now explained.
Since two conditioning chambers are utilized, one will be
utilized exclusively for the cold temperatures (-65, -20, 20°F),
while the other will be utilized for the hot temperatures (70,
110, 160°F). Thus, two sets of test specimens will be cold
temperature specimens, while two sets will be hot temperature
specimens. This distinction must be maintained between the

cold and hot test specimens.

The drop test program was initiated as planned. However, compli-

cations were encountered with the cold temperature test specimens. At

the temperatures of 20, -20, and -65°F, bubbles were being overstressed

(burst) when the static stress level reached 0.30 psi. Cursory analysis

5




indicated that the number of bubbles which failed were greatest at
-65°F, a considerable number failed at -20°F, and some failed at +20°F.
Consequently, any sample which possessed one burst bubble (maximum num-
ber of bubbles per test specimen was 42) was replaced, and testing con-
tinued. Also, considerable disparity became evident in the recorded
G-level response for identical experimental conditions. This would tend
to indicate that the material is not responding in a consistent fashion.

The failure of a small percentage of the bubbles in a sample prob-
ably does not affect the cushioning performance of the test specimen for
that shock impulse. However, in an actual'cushioning system application,
the ability to replace the original cushioning system with a new system
is non-existent. Thus, provisions must be made to insure the integrity
of the cushioned iteﬁ to its final destination.

It is thus apparent that the AIRCAP cushioning material should not
be utilized for fragile missile component protection below the freezing
level. Toward this end, an additional temperature level (40°F) was
selected for additional drop tests with the desire of identifying the
lower temperature extreme for AIRCAP material cushioning applications.
Appendix A contains the experimental data resulting from the entire drop

test program.




ANALYSIS

The dynamic cushioning functions for the AIRCAP cushioning material
are given in Tables 2 through 5 for drop heights of 12, 18, 24, and 30
inches, respectively, and temperatures of 40, 70, 110, and 160°F, respec-

tively. Table 6 presents the F-statistic values for the various experi-
mental conditions. It is noted that the developed functions are sta-

tistically significant for all experimental conditions except 13. Two

of these remaining 13 equations are very close to the critical value of
F. Hence, a slight relaxation of the a level would cause these two equa-
tions to be significant.

Table 7 presents the developed general model for the AIRCAP cushion-

ing material. The model consists of a constant term and nine independent
[ variables. The container cushioning system designer may substitute the
independent variable values directly into the model given in Table 7.
‘ It is necessary to adjust temperature utilizing 6 = :ngﬁiﬁg. and
E ' o, = psi (100) in the provided model.

Forty-eight different combinations of drop height, temperature, and

[ T

cushion thickness were evaluated. Six of these combinations could not

N achieve the criteria established for model validation (a = .05 and mini-
! - mum individual dynamic cushioning curve G-level value bounded by + 0.5

§ : psi.). However, it is noted that in four of the six cases, three or less
static stress levels were outside of the prediction limit range. These
static stress levels are at the upper end of the experimental test scale.

It would be a rare instance in which such a high static stress level

would be encountered in a cushioning system design utilizing the AIRCAP

cushioning material. Consequently, these cases are not considered to be

7
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Table 2. Design Curve Equations for 12" Drop Height.

THICKNESS TEMPERATURE DESIGN CURVE EQUATION
40° y =213.68 -93.65 n x +13.80 (&n x)?2
1 70° y =171.78 -69.63 2n x +10.75 (&n x)?
110° y =124.76 -39.18 &n x + 6.59 (2n x)2
160° y= 92.46 -20.41 gn x + 4.77 (&n x)?
40° y =117.07 -44.73 n ¥y + 5.84 (2n x)2
o 70° y =110.98 -40.86 n x + 5.40 (&n x)?
110° y = 102.68 - 36.58 gan x + 4.95 (&n x)2
160° y = 70.48 -20.16 gn x + 3.33 (2n x)?2
40° y= 79.49 - 26.57 an x + 3.08 (2n x)2
30 70° y= 77.93 -25.18 &n x + 2.90 (%n x)2
110° y = 79.64 -27.43 gan x + 3.40 (&n x)2
160° y = 62.83 -21.86 g¢n x + 3.40 (gn x)?2

NOTE: x = 100 x

e PWETe n  ma a




.
e e o e

R SRR S R A,

- -
- a.

i A e

-(0

Table 3. Design Curve Equations for 18" Drop Height.

THICKNESS TEMPERATURE DESIGN CURVE EQUATION
40° y =256.54 -115.73 2n x + 18.81 (2n x)2
" 70° y =187.20 - 67.41 %n x + 11.91 (2n x)?
110° y =203.72 - 78.78 n x + 14.07 (2n x)2
160° y =110.74 - 16.85 &n x + 5.37 (2n x)?
40° y =159.70 - 64.70 &n x + 9,00 (2n x)?
ou 70° y =126.01 - 44.79 %n x + 6.53 (2n x)?
10° y =123.02 - 43.08 2n x + 6.44 (2n x)?
160° y = 86.23 - 22.56 2n x + 4,22 (2n x)?
40° y =107.51 - 38.74 2n x + 4,78 (2n x)?
30 70° y= 97.42 - 31.12 %n x + 3.85 (2n x)2
110° y =106.63 - 39.38 2n x + 5.38 (2n x)2
160° y = 80.30 - 28.35 2n x + 4.79 (2n x)?
NOTE: x = 100 x
9
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Table 4. Design Curve Equations for 24" Drop Height.
THICKNESS TEMPERATURE DESIGN CURVE EQUATION
40° y =325.36 -155.29 %n x +26.34 (2n x)?
1 70° y =260.34 -110.53 2n x + 20.42 (2n x)?2
110° y =275.09 - 122.92 n x +23.09 (&n x)?
160° y =107.66 - 3.31 an x + 4.28 (&n x)?
40° y =181.77 - 76.28 2n x +11.40 (gn x)2
20 70° y =152.08 - 55.27 2n x + 8.42 (2n x)2
110° y =157.93 - 61.18 2n x + 9.67 (&n x)2
160° y = 88.74 - 15.91 an x + 3.36 (&n x)2
40° y = 120.50 - 42.91 an x + 5.53 (2n x)?2
3 70° y =112.19 - 37.77 2n x + 5.14 (2n x)2
no° y =103.20 - 33.96 &n x + 4.93 (2n x)?
160° y= 91.26 - 30.44 gn x + 5.24 (g2n x)?
NOTE: x = 100 x
10
—— s




Table 5. Design Curve Equations for 30" Drop Height.

| THICKNESS TEMPERATURE DESIGN CURVE EQUATION

. 40° y = 361.78 - 172.16 2n x + 30.78 (%n x)2

f 1 70° y = 274.67 - 113.34 2n x + 22.82 (#n x)?2

@ 110° y = 272.45 - 113.97 %n x + 24.10 (2n x)2
{ 160° y =118.42 - 3.74 en x + 7.41 (2n x)?2
40° y = 243.96 - 112.44 2n x + 17.51 (&0 x)?2

on 70° y = 180.16 - 69.60 n x + 11.39 (2n x)*

110° y = 155.09 - 53.67 2n x + 9.21 (2n x)?

. 160° y= 96.61 - 13.95 ¢n x + 3.22 (2n x)?
vl 40° y = 154.89 - 60.93 ¢n x + 8.50 (&n x)?
‘ g 700 y = 136.28 - 48.49 2n x + 6.93 (2n x)?2

1 110° y = 125.11 - 42.84 2n x + 6.39 (2n x)?
} 160° y= 90.63 - 23.28 tn x + 4.27 (&n x)?




F

4.10 Outlier t = 1.72

Table 6. Quadratic Polynomial Regression F-Statistics.

12

critical =
Drop Height
T 0 i
emperature (°F) Thickness 17 3 0 ik
™ 6.12 8.02 8.21 7.53
40° 2" 19.63 14.15 9.5] 14.08
3" 2.45*% 5.70 4.81 5.85
" 4.80 7.06 5.70 6.85
70° 2" 1.98% | 5.40 8.10 7.87
3" 0.99* 4.28 2.46* | 10.24
1" 7.79 4.05* | 11.60 7.94
110° 2" 5.45 7.77 18.06 5.35
3" 6.02 4.85 2.03* 3.67*
™ 0.95* 0.41* 0.20* 0.67*
160° 2" 7.05 12.60 6.14 0.45*
3" 2.09* 5.15 4.24 9.76
*Not Significant at o = 0.05




Table 7. AIRCAP Model.

2
Variable Coefficient 6 | 02 | 8 | Wiy 1% 1% (noy) (tna)
0 -2.5792381 :
1 0.0 'S X
2 X X X
3 X X X
4 X X X
5 X X X X
6 X X X X
7 24.580072 X X X
8 -12.569395 X X X X
9 1.7076147 X X X X
10 0.0 X X
11 X X X
12 X X X
13 X X X
14 X X X X
15 0.19159137 X X X X
16 0.0 X X X
17 X X X X
18 X X X X
19 X X
20 X X X
21 X 4 X
22 X X X
23 X X X X
24 -0.015276232 X X X X
! 25 -0.52645255 X X x
N 26 0.30601630 X X X X
R 27 -0.043588377 X x X X
| 28 0.0 X X
] 29 0.0 X X X
i 30 -1.6094670 X X X
o 31 0.0 X X
:} 32 X X X
T 33 X X X
§ 34 X X
)- 35 X X X
36 X X X
! 37 X )
, 38 X X
39 X X
1y 40 X
\ 4] x X
22 X X
3 X
¥ 44 ¢ X X
v 45 X X
13
-




of a significant nature with regard to validation of the AIRCAP cushion-
ing model.

The developed model is considered valid only over the temperature
range of +40°F to +160°F. In addition, the drop height range is 12 inches

to 30 inches. The static stress range is from 0.05 psi to 1.0 psi.
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IMPLEMENTATION

The developed models have been implemented on the HP-9815A desktop
calculator. A typical output of the HP-9815A version of the "CUSHOP"
model is shown in Figure 1. This output is associated with the AIRCAP
cushioning material encompassing the reduced temperature spectrum con-
sidered appropriate for this material, namely +40°F to +160°F. The drop
height selected was 27 inches with a fragility level of 70G's and an item
weight of 10 pounds. Al1 of this information is input by the designer,
and is output under the heading on each hard copy. 1

It should be noted that a horizontal line is drawn at 70G's to iden-
tify the specified fragility level for this example. The procedure then

searches through the material cushion thickness, starting at 1 inch, until {

it acquires a material cushion thickness which provides a .2 psi static
stress range at or below the 70 G fragility level. The variation which
occurs as a function of temperature within the considered material is
shown by the three parabolic shaped curves in Figure 1. The left upper
most curve represents the cold temperature effect, the middle curve
represents the ambient temperature effect, while the left lower most curve
represents the hot temperature effect. The static stress range, indicated
on the fragility level line by the intersection of the cold and hot super-
imposed dynamic cushioning curves, and identified in the heading as

SSL = 0.10 and SSU = 0.85, represents the safe design l1imits for 2.5
inches of AIRCAP cushion with a 27 inch drop height. TOPT represents the
amount of cushion required in inches.

It should be noted, in this example, that any cushion thickness above

2.5 inches will result in excessive cushioning ability together with the

attendant material cost and space requirements. Consequently, it is jn
15
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the designers' best interest to utilize only the necessary amount of
cushion in any design.

A typical output of the HP-9815A version of the "ENCAP" model is
shown in Figure 2. This output is similar to the "CUSHOP" output.
However, two additional inputs are required, namely the maximum surface
bearing area and the minimum surface bearing area. All other inputs
remain the same. |

The "ENCAP" model operates on the premise that the item to be pack-
aged will be entirely surrounded by the proposed cushioning material.
The amount of cushion required is a function of the temperature range,
the drop height, the fragility level, item weight, and the surface bear-
ing areas. It should become immediately evident that the wider the
desired static stress range, the greater the cushion thickness require-
ment.

The two vertical marks identified on the G-level line of Figure 2
represent the extremes of the calculated static stress range. TOPT
represents the amount of cushion required in inches. It should be noted
that the results are the same for both "CUSHOP" (Figure 1) and "ENCAP"
(Figure 2), since the conditions are the same for both situations.
Figure 3 illustrates completely different input conditions for the
“ENCAP" model with the attendant output.

Appendix B contains the HP-9815A programs which are necessary to
execute the AIRCAP model in the "CUSHOP" and "ENCAP" modes.
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CONCLUSIONS

The material contained in this report describes the development of

cushioning models for the AIRCAP cushioning material. The models have
been statistically validated and are available for use on the HP-9815A
desktop calculator, or on a FORTRAN language computer. The models may
be operated in the "CUSHOP" or "ENCAP" modes. The "CUSHOP" model output
identifies the cushion thickness, together with an appropriate static
stress range, for given inputs of 1) hot, ambient, and cold temperature,
2) drop height, 3) surface bearing area, and 4) fragility level. The

"ENCAP" mode output identifies only a cushion thickness, for given inputs

of 1) hot, ambient, and cold temperature, 2) drop height, 3) fragility
level, and 4) maximum and minimum surface bearing areas. The "CUSHOP"
model results in a feasible cushion thickness requirement if superimposed
dynamic cushioning curves are plotted. The "ENCAP" model results are
valid only through 3 inch cushion thicknesses, although results may be
plotted through 12 inch cushions.

Although the models have been implemented, caution must be exercised
when utilizing the AIRCAP cushioning model. Considerable difficulty was
experienced in the development of this model, resulting in the determina-
tion that the material was not appropriate for cushioning applications
below the freezing level. Apparently, the low temperatures have an
adverse effect upon the polyethylene material in the bubble configura-
tion. The effect is not consistent, causing wide variations in G-level
response for a given set of cold temperature experimental conditions.

It is recommended that the AIRCAP material be utilized in the 32°F

to 160°F range only. Also, relatively small values of static stress

(0.03 to 0.80 psi) are most applicable with this material. Other
20




cushioning materials are more efficient than AIRCAP for larger static

stress values. Although the AIRCAP cushioning material is not viable as

a cushioning material over the entire military temperature range, it is
! an attractive alternative for selected military applications due to its

low cost and ease of handling.
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SINGLE MATERIAL

AIRCAP
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' : SINGLE MATERIAL

AIRCAP
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SINGLE MATERIAL

AIRCAP
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NUIMEXRO eI -

SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0,5,;5/ REPLICATION: >

TEMPERATURE: -~ 20

DROP HEIGHT
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SINGLE MATERIAL

AIRCAP

/

REPLICATION:
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NDOMERM I

SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 6.7 ps, REPLICATION: =2,

TEMPERATURE: — 20

DROP HEIGHT
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SINGLE MATERIAL

AIRCaAP

>

REPLICATION
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SINGLE MATERIAL
AIRCAP

STRESS LEVEL: REPLICATION: /

/1"/951

TEMPERATURE: - 2 0

OROP HEIGHT
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SINGLE MATERIAL

AIRCAP

2

REPLICATION:

STRESS LEVEL: 7,0 p3,

TEMPERATURE: - 2 ©
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SINGLE MATERIAL

AIRCAP
STRESS LEVEL: /. 0 ps, REPLICATION: 3

TEMPERATURE: ~ 20

DROP HEIGHT |
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SINGLE MATERIAL

AIRCAP

REPLICATION: ¢

STRESS LEVEL: 0.05",,

+20
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AN MBERMOHET -

SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0.05 ps, REPLICATION: 2

TEMPERATURE: +2 4

DROP HEIGHT
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SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0’07P" REPLICATION: /
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SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0.07P5, REPLICATION: 2
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AN MIT XTI A

SINGLE MATERIAL
AIRCAP

STRESS LEVEL: 0,07 ps, REPLICATION: 3
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SINGLE MATERIAL

AIRCAP

z

REPLICATION:

STRESS LEVEL: 0.3 ps,

TEMPERATURE: + 7,
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SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0,3/;3, REPLICATION: 3

TEMPERATURE: + 70
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SINGLE MATERIAL
AIRCAP
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REPLICATION:
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SINGLE MATERIAL

AIRCAP

2
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SINGLE MATERIAL

AIRCAP

3

REPLICATION:

STRESS LEVEL: 0.7/931
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MATERIAL

SINGLE
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/

REPLICATION:

STRESS LEVEL: /.0/951

+70

TEMPERATURE:
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SINGLE MATERIAL

AIRCAP

¥4

REPLICATION:

STRESS LEVEL: /. OPSI

+70

TEMPERATURE:
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SINGLE MATERIAL

AIRCAP

3

REPLICATION:

/. 0,03/

STRESS LEVEL

TEMPERATURE: # 70
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SINGLE MATERIAL

AIRCAP

!

REPLICATION:

0.(&5/131

STRESS LEVEL:
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TEMPERATURE:
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SINGLE MATERIAL

AIRCAP

2

REPLICATION:

STRESS LEVEL: O0.05 psi

TEMPERATURE: #//70

DROP HEIGHT
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SINGLE MATERIAL

e —— e | s

AIRCAP

3

REPLICATION
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SINGLE MATERIAL
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/

REPLICATION:
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2

REPLICATION:

STRESS LEVEL:

TEMPERATURE: + //0
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SINGLE MATERIAL

AIRCAP

3

REPLICATION:

STRESS LEVEL: O.07 pg,

TEMPERATURE: + /70
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SINGLE MATERIAL
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SINGLE MATERIAL

AIRCAP

/

REPLICATION:

STRESS LEVEL: 0.3 ps,
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SINGLE MATERIAL

AIRCAP

Z
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SINGLE MATERIAL

ALIRCAP

REPLICATION: 3

STRESS LEVEL: 0.3/:3/
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SINGLE MATERIAL

AIRCAP

/

REPLICATION:
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SINGLE MATERIAL

AIRCAP
STRESS LEVEL: O.7Ps/ REPLICATION: !
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SINGLE MATERIAL
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0.7 psi

STRESS LEVEL

+ /1o

TEMPERATURE

DROP HEIGHT

- - - -
- L J - -
- ~N - (4]
e R R R o o N ]
¢ [}
] (4] t
] [}
- 1 [
L NN N N lb
(=2 |
M — 0o
! N
]
t
1
e et bt ed D=t B e Bt e g
] [)
] o ]
[} ]
- 3} L -
. e 4 e
L A | 70
o~ “ LI
]
[]
]
0t Pt e S e g bt
! []
] ~ ]
[} [}
L ] !
L R
- | 3
] a—— m———
[}
]
]
N R N N W N
[} []
] - []
1 1
- ]
L I I )
o~ r&u 3
- ~ -
]
[}
[}
]
P g P et O e e e
]
1 -
[} -
] -

200
20t
oo
3e0

)

61
I

1--=-1

a3
20

1
1
I
I

1
1
1

I
1
1
1
1

1121
1
1----1

1
1

)
2

1

21
1

I--=-1

57

*d =g 4

1
1
1

22

1
51
1
1

1----1

3G
27

" et

1
1
1

o~

A G E g B e Dt Dot S CELE S

T=muUuXIZwuww

oo
3e0
3es
200

g b4 =g 0=t O=i U4 peqg b 4 b
’ ' '
1 - ’ ’
| ' ‘
1 ' ”
g bl 4 g

1 a'% “
'

! (2 e
1 '
’ '
| '
= Pt b=t g et P >t S et e
) | '
] o 1 ‘
] - [} [ ]
) ' “
b g g

' o~ %& '
' o '
' 1
1 1
+ t
' t
4 g g =t 0 g Y ) o
1 ] [}
] -— t ]
1 - ] ]
] [] "
> g b4 e e

' 9 - )
' 79 '
' W :
' '
' \
] '
g 0 g g P g g P g g
t 1 '
' ) ¢ I}
\ i \
' ' "
e g e ed

s /D Y
' \)« \
[ ™ ]
' '
' '
' 1
g vt P 0 g 0t g Pt et ¢
[ '
' )
' '
' '

3!.

145




DY MEEROCHIAN

SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0.7 pg, REPLICATION: 3

TEMPERATURE: + //»

DROP HEIGHT

1 12*° I 18 1 24’ 1 30¢° 1

coas]ecocsscs]ceces] mevese]eccs Jeconaa] ----I------x--—-x

1 1 1 1 1 1 1 1
1101 1111 1 71 1 41
1 1 1 1 1 1 1 1
1--=-1 1-=-=1 1----1 1-=--1

T 1 e o8y 2l
s ! o\ ' 9 1 3 1

m—vos lecocvas x----x covene] ----xbunnoux ----I------l seoeal

-
-
-
St Pt bt f Db Db e et

1 1 1 1 1 1 1 1 1
1 1121 1 61 I 91 1 81

1 1 1 1 1 1 1 1 1

2' g Jeee-] [ee==1 1-=e-1 q I-===1
1 1 1 1 1

1 36 1 51 1 1 1 8 1

1 1 1 1 1

1 26 1 24 1 2l 1 3 1
S S S SN ORI R (R PO
1 1 1 I 1 1 1 1

I 51 I 11 I 31 1 21

1 1 1 1 1 1 1 1

300 lo===1 Je=--1 Jomeel P

¢ I 3% ! Y I O !
33} 31 7 3B ;™|

--—-1 -----------1 --‘--------x-----o-----x -----o-----l

St bd b pup Pl B Dy

146

300
300
300
yor
300
20
yor
200
200
yoo
yoo
200




b e am— o ———————

NOOMERMr+ X

STRESS LEVEL: /, 5 o3,

SINGLE MATERIAL

AIRCAP

REPLICATION: /

TEMPERATURE: + /9

1

DROP HEIGHT

12.. 1 18'. I 2‘.. I 30.. l

----I------l---‘lo-----l ----x?-----IQ---IQ-----I----x

1.'

200

3.!

Gt =t beh g Gt d St Dt bt Pt Jt B Pk ek ek P Pt Pt Pt ) P Dt el Db Pt B

1 1 1 1 1 1 1 1
1 11 1 31 1 61 1111
1 1 1 1 1 1 1 1
I----1 1--=--1 I----1 I----1

1

M1 '3 | 220 1 2o |
\S 1 \3 1 ] 1 < 1

1 1 1 1
cesnoc]ecocn]lcccocnlacac]ercccalencr]wmrrcc]lecea]
1 1 I 1 } ¢ 1 1 1

I 21 1 7?71 1 % 1 1 S 1

1 1 1 1 1 1 I 1
Jeewa] Jowa=] %----I Joewe]

{ 1 1 1

o IS AV R 2 A S 1 ] -
20 1 22 ! 2y @ 9 1
ceolecen]encrcnlacan]eccssca]racc]vencealace]
1 1 1 1 ) | 1 1 ¢

I 81 I 121 1 &1 I 101

1 1 1 1 1 1 1 1
]-===1 Joeon=] J]owe=] Jo===1

25 P oyy gy o3
3% ;7 32 ! 29 1 2% ]

1 1

----1-----------1----------- I---o-------1---&-------1

147

1..

zl'

300
2ve
yor
208
30e
200
3e0
e
3o0




3o
30e
"
200
1o
poe

I R B I I I R e R I R R R g R O W = SR O
{ ] ) [] [} [] ]
[) [ od ] ] o~ (] [} [} [} [
[ - ] ] [} ] [ ] []
- 1 .2 ] [] ] ] [}
L el K ] e R NN ek ] ] i
o \n (~ 1 ' M _
m oy ' @) 1 Ao :
\ ﬁL t — ' Y ' :
) 1 [} [ ] .
] ] [} ] m
~N ’ ' ' ' i
Pt ot et Bt 0 Gt O G Gt el B Sk g g Ot Dt et Gmd g g O d g el =t =t 4 -t By
.. [} { ] ] ] ] [} ’
4 ] o " “ (7Y ] t - ] [}
o 4 1] 1] [} []
[ - 3 ] ] [} ] t [ ]
" o rart -t it e V) 1111122 IIIII\A%.
< ey SO ! 1 1 '
o - o~ o ] o0 ' f\ul.
— x ' - | 1 t
-d ¥} ] ] [] []
a () ? ] ] ]
ws w ' ] [} ] N
«J [- 4 X S g bt P g =g et et Ped Do G B St 0 =g D= Ot g D 0 P d g 4 =t 0= b 4 4
< ] ] ] [} [] ] [)
() Q ] L ] ] [) (=] ] ] ~ t ]
« o 1 ) - ' ' ' 1 2
w [ 4 - 9 ] ’ ] § ] “ —_—
- a aQ & s ot b e > - ey -4 e e et d b
< « 0 ) aﬂuB. OOU|“ _Iu-“
£ o -1 1 \n
[- 4 ~ [} e ] 2- 33-
W - 9 [ | ] !
- « Q i ] ! 1
9 o ] [] [} []
3 Q ~ Bt bt bt et e bt et et bt Gd St ot Dt et S e Ded et Dud el =t St b ed e md bt 4 g
- ~ ~ [] ] [] t [} [] (]
v ~ 1 N t I ' "~ ' '
* 1 - ] ' ' ) ' '
o - ] [} ] t .’ “
P ] L 5 ey et R et e g 4 4 = e P
w w ~ Y /.DUI. ) ~
> o« -1 O - 1 Nﬂ.z. N ™Mo
w D ] ] [] |
-4 - [ ] [} [ ]
L 4 ] 1 ] ]
w [+ 4 J ’ ] ]
%] w 4 et bt Bt e e Gt et et bt bet Pt ) e = bt Bt e St 0= Pt et b =t St g Dt St Ot
wd a. ] [ ] ] [}
[+ 4 X [] - 1 - 1 - 1
[ od w ] - [} - [} - )
wn - ] L od ] o~N ] ~” []
—FXmONXXZ2WLONOM




SINGLE MATERIAL

AIRCAP

3

REPLICATION:

STRESS LEVEL: /, 0 pg,

+//o

TEAPERATURE

DROP HEIGHT

12°*! 1 18 I 246" 1 30°° 1

I

- - - -
- - - -
- o~ " ~N

Pt g 00 by et g P P4 D4

(] (]

] - [}

[} - [}

[} []

vt P e /\J

[]

' L)

] o

[ ] .

]

-t b D0 et et et 0= e D

[] []

] - []

[] ]

[} ]

ot g 4

v Q@

[} A(

]

[ ]

f

]

Pt D Pt =t e e g

] ]

] [ -} []

[] [}

] (]

=4 g 4 g e u!

' ™)

h M

] —

[}

[]

]

et et b ot et P4 4 d

[} []

[ ] ["a) []

[] ]

[] []

IIIIIM'(J

' 00 -

[}

[]

]

]

Pt g b et ot e gt

[]

[ ] -

[] -

] -

yoo
3o
200
e

L

1
1
1
1
1

71
I--~-1

\0
20

e

1
1

1

"t e >4 by

1
41
I----1

-4

1
1

3l
20

Lo o B N )

21

[
(o]

ot PG =g =t ) P =i g

-y
]
[}
[)
’

L
]
[]
[}
]
)
]

(]
]
]
]
]

-
]
]
[}
)
[}
L)

L]
[}
L]
]
[]

™4
'
[}
]
)
]
J

-4
]
)
1
]

"
]
)
[}
]
§
]

-
]
]
[}
! o~

-

T~ UNXY WOV

——— e

- - - -

- - - -

(4] ”m - ~N

ot g 0 4 0 0 44 e
[] [ ]

[ ] ~” [}

] [}

] [}

[}

' 9 oY
]

]

‘

ol d > d g bl =g b
[ ] ]

[] o [}

[ ] [}

[} ]

g g o d >y

' J
(]

i A
’

]

]

4 g b4 =g g PE P4 e
] ]

[} 0 ]

(] ]

? []

[}

‘ ™

]

[}

]

g g ed g 0 0
[} H

[ ] o [}

] - ]

! L \H
et e g

[]

' n&. )
(]

)

[]

t

= = =g =4 ot P4 =t =i
(]

'

]

t

-
-
L]

149

B N




SINGLE MATERIAL

Al

Mt ettt - et st -

AIRCAP

/

REPLICATION

STRESS LEVEL: 0.03 pgy,

TEMPERATURE :#/4 0

DROP HEIGHT

- - - -
- - - -
M -~ m ~
4 e oed Pd bt bt Pt g et b
[ ]
1 ~N ]
) [}
s .L
® g P4 F )
P lo
"o =
) -
[]
]
]
Gl g md Pt =d b o g g
] [}
] [ ] ]
' ]
-
.IIIIII@O
~ ! 0 -
~N ) w—
]
]
]
[
e et ey g b g et e
[} ]
] w [}
P
L |}
OIIII'.AIOO
e ) g -
-« |
[}
[}
[}
]
L N N N N N B N ]
[ ]
] [ o L)
] - ]
- )
. ot O
o~ ¢ —
- | 7
]
t
(]
]
R N B R R ]
[)
1
[}
'

-
-
-

- - - -

- - - -

L o o~ ~N -
=0 4 0t b D=t Bmd P O=d D=4
? )

] o ]

] [}

[ 4

[N NN

1 o0 7
1 o0 ~
[

]

]

!
.ttt 4 P et e b
] []

] ~ ]

1 ]

! A

L B I I ] 'w
] { -
]

'

§

]

]
St et Pt et 2t e
] []

[} o [}

] - ]

] ’

o R N NN )

' CF
[} ,v

] -
]

]

]

Pt bt ot g e = P
' ]

[] o [}

' []

) ]

bt e =4 ¢

. >~
‘ \n —
{

)

]

]

el o Eo R
[]

. -

' -

1 ~N

FXT O ZWn N

———

2es
20
1o
Y

™~

0 =0 0md g Pt bt 0 ey
) ’ !
? (4] ' ¢
' ' '
t ! M
v....&llloo '

)
' ~ !
1 1
§ (]
“ ]

§
4 bl bt ed P =t g > - e
1 ' '
] o~ § ¢
] - ] ]
' ' H
IIIII(v 0 i
1 ]
1 2 !
' 3 H
1 )
3 [}
' []
=t Pt bt 0t 0=t g bt P 0t g
¢ t '
' < 1 H
4 ] [)
' ' !
e et Lony S |
“ Lo

[}
. N !
1 1
” []

[]
V=4 =t b gt b= =g Pnd S —E g
' ' H
b - ) '
' ' !
' ' '
11111’51 '
s []
: TN
N [}
' )
1 [}
N ]
ettt st S et
. '
\ '
\ '
' ]

150

AR AT Ao g,

.




SINGLE MATERIAL

AIRCAP

2

REPLICATION:

STRESS LEVEL: 0.03 psy

TEMPERATURE:4/00

DROP HEIGHT

12'' 1 18'* 1 260 1 30 1
et BLnE TS CEEES CESRTRS T O R N et Gttt bttt

1

200
200
300
1ee

O S = Y gy
]
wn []
[}
]
IIIIO
—_—
.t b bt et et =t
[}
~ ]
(]
[}
Illxm 0
-
-
L
]
~ (]
[}
]
e O
g -
Yt g bt =t
]
[+ )] [}
]
1
e > 4 g

\1

L

[ B B I N ]

-
-
-—

- - - - - - - -

- - - - - - - -

- (4] - (2} - o~ [ 4] ~
o bl =0 0 b g Sug Dt Gt 0= Pug G Dd bf =d b=t mg 0 g
[} [] ] ! (]
[} © [] [) ” [} [
[} - ) ] [ ] L]
] ] [ ] ] ..
40 4 ey )
' ST ! Qo

av‘! 7' [ ]
[ ] (]
[] (] [}
] ] []
] ] []
Ot 0t 0l bt bmd D b ) D =g S g 04 P4 D=0 Pvd g Bt b
[] (] ] [] (]
[] ~N (] [} o [] (]
T P “
III.II/Q/) RS | [
(] 7 — [] Q ]
[} [} [ ]
[} [] [}
] [] [ ]
[] ] ]
[] J ]
o P =G ped bh ed Gt Bt G g Bl g 0 g Y B g Ped g
[} ] [} [] ]
[] o~ ] ] [+ [} [}
] ] [} [} [}
] ’ [] ] 0 []
o=l g S >4 oy >4 g g =4 4 [ ]
' e . 5011 1
———

' 3 ' i
[] (] ]
(] [} []
[} ] (]
b 0 Pd g e g =t g ] g ] Gl 0§ g Do g g b g
[] [] ] ] ]
[] - [] [} - ] [}
[} ] ] - [} [ ]
] ] [] ] “
e g 4 g >y =t 0= =4 4 4
0 17 1 T -
' \n — S N
[] [} t
[} ] [}
] ] [)
] ] ]
e OB ot bl 0=g bt Bt S d g B ) =g Pl g g = D
[ ] [} [}
] - [ ] - 1
[] - ] - [ ]
] o~ ] L2 ] ]
FXI MU ZWON

B e e oo e e o e e et

K

151

’.l']l!!w.v. iy 2

e




SINGLE MATERIAL

AIRCAP

3

REPLICATION:

STRESS LEVEL: O0.03ps,

TEMPERATURE:+ /40

DROP HEIGHT

300
roo
200
3o

1
1

71
1
1
1
1
1

30°"
1
1
1
1----1
120
\o

1
1

S1
1
b4
1
1
I

2‘.'
1
1
1
1--==1
O
(o}

1
1

21
1
I
1
1
1

I----I

1
1
I
Qe

o

1807
s GRS SRR SR i GRGE T CEEES CTEEDS EES

1
I

1111
1

1

1----1

I
6
\

Lo B o N ]

120"
X

1
1
1
1
1° 1
1
I
1
1

- - - - -
- - - - -
- ” - o~ (4]
Ottt bl g Dt g bt Dt
) [] []
[] o~ ] ]
] - [ ] ]
] [] ]
=ty et 4 (]
! S » !
' xR -
] (]
[} t
[ !
4y et bt g bt P e g
] ] ]
] (2] ] 1
] [] [}
[} ] ]
I._-.lelblb ~
t ]
1l =~ —
] ]
] []
] ]
] ]
Pt gt et g 0t et g g
] [} ]
] (=] ] ]
[] - ] ]
] ] ]
L R kel ’\v —
[ ~ ]
] 9 - ]
[} (]
] ]
] [}
] ]
. ey bt b md bt b ot g bt
[] [] [}
’ [ o] ] ]
{ ] [}
] ] [}
e e -
' —_
] gl\ ]
] []
[] ]
[] []
) ]
e L
[} ]
[} - [
(] - ]
] ~N [}
—_TtLU XY ZWwOHNWV

=t et Pt 0t =t =t =t Pt
)
o [}
[)
J
11111
\'I‘
g b q g bq =t > 4
[]
0 )
]
]
ottt et S g 4 e P
]
~ ]
]
]
11116
5 paiit
e g g ol b e
]
- [}
[}
]
[ B B B ] %
e el b ) g Pt

-
-
L2}

----x-------—-o-l-—--------nx-—--------—xo----------!

152




/

ae
z
o
[
-
«<
[*) | o
- x
- 9
[- 8 (o]
ws w
P [- 3 x
<
- -8
[- 3 o
w [ 4
- a o
=3
(S 4
@ v
w e Q
-4 <
e 3
z
~ . Q
v o ~3
~
(1] <
-d 1]
w w
> a
w >
- -
<
" [ 4
(7] w
w o
(-2 E
- w
(7] -

300
"
"
300

¢
I

31
1
x----l

\38

1
1
1
1

1
1
b

\0

30.0

{ I
et LTS EETTS CL T S e B Gty L eS|
1

I
21
1

[~===1]

\2S
\0

et b=t e 04

240

1

1

1 1
1----1

\\o
I\

18°%
1

1 91
1

I

1

I

I

1
I
61
I

I--~-1

1

1

1
6
\

"4 = e 4

12'.

5
\

1
I
1
1** 1
1
1
1
1

- - - -

- - - -
~ - ~ ~N
e e et et et e g B

] []

] o 1

] - [ ]

[] ]

ik kol md ’\I
]

' % am-
[}

[)

[}

t

S D St Ot ph ot g
[] ]

] ~ ]

[] [}

: Lo \n
g g 4 g =g

H -
\ Y

]

]

]

[]

et bt b P4 =t e e =t
] ]

] wn [}

] ]

] '

e el IIP\VQ
]

. G‘
[)

]

[]

]

-t ot e 0ea b bt =t P
t [)

] (-] []

] []

] ]

-t e~ OO %
]

' 7 -
[]

]

]

)

4 vt G 4 P4 d =g g
' -

[] -

[} ~N
FT-NOXX2Z2WNOV

| m i e —— e I e ¢ I M . =, -

yoo
200
3o
3or

1
11
1
1
1
1
1

1 cemew]

bS
20

1
1
1

1
1 121
I

I~-=-1
1

4 >4 =4

1
1

56
20

1
1--=-1
----I-----------I----—------I-----------l---’--'---"I

I
97
21

1 111
1
1
1
1

I

1
4 1

1
1--~-1

3¢
ek

1
I
I
1

pH

1
I
i

bt b =t et P g g Py

i LR TR SR B B B s Cabhs CTETTY SRR
1

-
-
~

- ." —— - -

153

TR T




20s
200
1o
3he
-
200
-
oo
300
300
308
200

T b Pt et St Bt g Pt g 0t Bed Pt e b et et bt P bt 0 bt b B e e et ey
[ ] [} [} ] ] ] []
[} wn ' [} - [ ] ] - ] ]
] [] 1 [} [} - [ ] [}
- y & ' i ' ' ‘
|IIIII3°| ottt O T ottt '
o1 ) — = T -
"Mt e ) | ] ,wzn
[ ] [] [} []
[] [} [} ]
2 t ] i ! )
] ] [ ] t
Pt b b Bt bt gk Bt b fof d O bt ot ot bed 0 D=t pd d bt d Omd et S et bd Bt et et
. [} § [ [ ] (] [] [}
F 4 ] ~ [} ) 0 (] ] o ] ]
(=] ” ] ] ” " ] ]
" - ] ] (] []
iy 011111701111136 AR R RN Q '
< i — ' — i
P - o~ - — ‘ 51 i
" x ] ] ] ]
-} (% (] (] [} []
o - ] [} [] ’
ad w [ ] ] ' ]
- « I o bt bt ot 0t ot bt 2t gt d e bt Pt Bd 0t 0nd nd 0t bt et 0t g bt bt D et Dd b Og
< ] ] [] ] [] [] [}
" Q. [] (] ] ] [aV] ] [ o t [}
a o | ] ] - ' ' - ' [ =
w x - | 1 \ ' ' ' ‘ ol
~ a o avalllloo N . 11111’ — )
< « - 0 | g =0 ol ' 0 '
E o > -\ — ] f@\.. V-Q ]
@ [} ] [] (]
w o Q 1t ) 1 i
P | < \n ) [] ) ]
[t Q ] ] ] ]
2 Q Pt bl et it el bt et it g et et Pl Bt bt bt 1t b B 0 Pt Bt et St et Pt el e
[ > ] [] ] [} ] 1 []
w [ o) ) ] o« ] [ o~ ] ] - ] '
~ ! [] [} ) (] t [ ]
oo +* - | ] ] ] t [} [ ]
—d e L B B — b gy Feg P g g et bq bl []
w w ~ 1 31! " OoQo“ (Js 1
> a - 91 — 1
w > ' ~ 0 - ) Mo |
-t - ] ] [} (]
< ] ] ] ]
(7 a ] ] ! ]
(%] w Ot it bt gt st o et g ed g D 0t Bt e b P et d e d 0=d S g e et 4 el
w a [] [} ] [}
[+4 E o [} - [ - | - [}
- w ] - [ ] - [} - 1
v - ' - ' ~ ! () ’
FTMOUOUMZWONOY
——
- T e T ¢ ————— -
- - IS T o T




1
9 1

1

1

1

1

1

1
1----1
1

1

1
1
1
1--=-1
1121

1
I

30*°
A
0
3|
'S

3

I
I

111

1

1
1

1101
1

I-==-1
3

I----1

2400
b
127

REPLICATION:
S T T B B St LECT TS CEPES SETRT PR

1
1

6 1
1
1
1

DROP HEIGHT
1----1
1
21

1O

1
1
1
1

AIRCAP
18. L}
G2

1

[ N N NN N ]

SINGLE MATERIAL

1
1

I

e e e =t o S g > peg 4 e

STRESS LEVEL: 0.05/.;3/

TEMPERATURE :4+/60

T O XYZWONHWV

g ¢ =4 pmg bf 4 04 P4 P4 B
[] ) (]
[} ~ [] [ ]
] (] [}
1 [] [ ]
e g g o ]
] \‘ '
N
] []
] ]
[] []
] ]
g bof b4 g bod Od 0=d g P=g ¢
[ ] 1] []
[] (] [ ] (]
] [] []
] ] []
g = 7™
1 N
[ ] UI ]
[] ]
[] []
] ]
] [ ]
g d 0=t bt ) O Png buf b P=g
] ‘ 1
[ ] [7aY [] []
] ] ]
] ] 1
g g g =y g —
' 9 2 [
1 T 1
] [ ]
[} ]
] [ ]
) ]
*d =t P g O P O ) e B
] ] $
[] - [} []
] ] ]
[] ] [ ]
e e =g g l ]
' v) '

[ ]
' 32 '
) [ ]
] [}
[} ]
g =f =4 g = =t = =f P 4
] )
] ]
(] [ ]
] [}

3'.

155




SINGLE MATERIAL
AIRCAP

l

REPLICATION

30.'
i e T B B i St CETE TS CLL TP CELLRSS CET LS

DROP HEIGHT

STRESS LEVEL: 0.07 ppgy

TEMPERATURE: ¢ /¢ o

2..
1!!
3

1
1

1----1

126

1
S1

1
1
1

1

I----I

\\O

1
1

21
1

26"
I
1
1

1
1

T
1

1----1
1

187
1
1
1

a3

1)

1
1
8 1
1

1----1I

oS

12°
I
i
1

1

1
1
1
1

\O

=4 =4

0

\

Lo B I o ]

1
1
1
1

13

I
1
1
1!! I
I
1
1
1

- - » -

- - - -
- o~ - -
et B et bt 2 Pt et

] (]

] 0 [}
.
IIIIIq\/\v
] -ll..
]

[}

]

'

et g bod o d ok ed P
) t

] - ]

] [}

[} ]

" e e

' O9
Q ———
] -~

[}

]

]

et e bmg g et
] [}

] o )

t ]

[} [
x11.11.7—’
[ —
: ¥

]

]

'

=t b Pod P Pl =g d P
[} ]

[ ) o~ ]

] - ]

i t

—t -t =t -t o
' \n

' J o
]

'

et D =t bl b 4 P 4
[}

(] -

] -

[] o~
IO ZWOW

200
300
300
200

I

1111
1

1
1
1

le=e=]
1

1
1

ey

R T it LECTE T EEL TS EEEEEE AR

(No
2

1

41
1
1----1
1

1
1
1

1
31

1

N L Lans CET TS RS PP S B B LS |
1

1
I
1
30 1
1
I
1
1

156




SINGLE MATERIAL

AIRCAP

2

REPLICATION

: O.C>7’93[

STRESS LEVEL

t/60

TEMPERATURE

DROP HEIGHT

12" 1 18° 1 26*" 1 30 1
i GLOT IS CETTS EETEES RS S i Chrd GLE TS CTEES

I

- - - -
- - - -
- | od (2] ~
e =g =t Pt g =g 4
)
o~ ]
]
[}
e QO
V) —
—
g g et bt et 0t P 4
]
-] ]
[
¢
L R B TR T, o
L _e—
—
o o B N o B N ]
[]
~ [
[)
[]
-t e e 1‘
g
L N W ]
[]
- )
[]
]
4 4 e -y -
7"
P4 =t et et e g
-
-
-

"
[
]
[]
]

Loa)
]
]
]
]
]
]

[ o]
]
[}
]
[}

-4
]
[
]
!
[
]

-y
]
]
]
]

(]

]
]
]
[
1
¢

-t
!
]
]
]

g
]
]
]

[}
]
1
[
]
]
]
'
[

- - - -
- - - -
m ~N - -
et e ot Pt 4 0
]
o [}
[]
]
OO0 o
R N N N N N ]
]
~ ]
]
[}
e
- 0
"\
[l B W W ]
[]
0 ]
]
[}
= b 0
GC
e R I I I I ]
[}
- [ ]
- [}
]
o
- O
e K B I B I
-
o~
T OO XX2Z2uUuunwm

200
300
200
300

1
I
I
1
1

51
1

I-=--1

I
1
I

6L

22

1
1
I
1
1
I

I~==-1
SO
23

1121

1
1

o =g Peg =4

1
1----1

43
Q3

1101

1
1

1
31
1

1-~--1

Lo IR B B ]

1
1
1

3
Qs

4P g gt d d b

e e B B B Dl Gott® ETTTLRS S
1

-
-
L2}

157




SINGLE MATERIAL

AIRCAP

3

REPLICATION:

TEMPERATURE :+) {0

DRCOP HEIGHT

- -
- -
o o~
[ R R K I IR
[} ]
[} [7a) |
] ]
- -3
- et et g =t
o1 )
”m | —
[ ]
(]
[}
[ I
Tt et bf g =t
] ]
] ~N t
R
-
lIIIIIo
~ 4 -
2“ o
[}
]
]
e R R N N )
] ]
] [ <] )
] ]
- 3 ]
L I I N WY
e
- |
]
[}
]
]
et b e ey P
] ]
] ~ ]
] L]
- ]
L o B B B )
o~ -
« | <>
[]
]
]
]
[ I I e N ]
]
[] -
[] -
[} -~

3'!
1'.

1
I
1

[0

I
1
I

\o

1
I
1

2

1!

I
b ¢
I

o

- - - -

- - - -
- M o~ -
Pt Bt Pt e bt Py e et

] []

] ~N []

] 1

! ]
et

1 c -

]

]

]

R R N I IR ]
[} ]

] o ]

! ]

] ]

E Rl ]

! P P»
' N R

]

]

]

Pt by b 4 g P
] []

[} - ¢

t ]

! ]
ot g

s .~ o0

| W&

]

[}

)

]

e e e R N R R W]
] 1

] ~ [}

] 1

[} [}
11111“‘0
[}

: T

i

]

[}

]

g vt ol g B 0t e=d b et
]

] -

[} -

] (aY]

I = ZWwuw

20t
300
30
;

1
1
1
1
1
I

110 1
1
1---=]

Gl

I

23

I

31
1
I

[ o B o I ]

1

1

1
sx7T
23

1

1----1
1

e 4

I
I 61
1

Yz
2y

e S B e S it ettt |

1
111

1

1
1
1
I
1

1----1

33
26

1

4 et et Pt pmt el 4

LR L BT LY IT LD LY T ----I------I-’--I------I----I
I

-
™M

158




SINGLE MATERIAL

AIRCAP

[

REPLICATION:

O. ' pa,

STRESS LEVEL:

TEMPERATURE: +/40

OROP HEIGHT

I 18°° 1 24" 1 30°° 1

12

P L LT
] [}

] © []

[] (]

[} ]
R

1 O

H 58
[] P~

[}

[}

]

Pt et et e et b
) [

] -] ]

[} [}

: L \n
-

' Qﬁl
(]

_ -t

[}

]

]

P f el P g P 0= g =g
] ]

[} ~ | ]

] ]

) ]
v...v&lxl(v‘
i Q -~
1l —

]

1

]

=g Pt 0= g =g =y =4 > P
[} [}

[ ] wy (]

] )

] t
)

' Q™
] —I\l
]

[]

[]

]

=y g b e g G Peq e
]

]

[}

[}

-
-
-

e b g bt Sl et g
[] [ ]

] - ]

] - )

] []
. el e e

1 O 9
[] [ =
]

[]

[}

]

0t g e b eed e 0t et
[] 1

[} m ]

$ ]

' ]
e o

]

' Qr~
' -
[}

[]

]

=t ot =t ot et Bt 0=t = e
[} ]

] o []

] - ]

] ]

"t 2t g 0=

‘ e
] nw -
]

]

]

el el el alelala kel
] []

[ o~ [ 4

] - ]

' [}

O )

' -
' J -
]

]

[]

]

= b=t 0= >t ¢ =4 ¢ 4 >
[]

[] -

[ ] -

[] n

-

T O ZWLWNHLL

4 bl 4 =t gug b P9 Pt ¢
' '

"I - S

1 '

1 '

g ol P4 04 ey

' 0 ot}

' ol

' S

!

‘

i

g gg =t Pt g Ped 4 4
' '

[ ] - ]

‘ ‘

' H

g onf 0t d gy

: 35
H > o
)

‘

'

g g >t Pt =g et ¢ >
' '

I

' ‘

' '

oy g Puf Pl g

' ass

' ¥ ¢

'

'

'

G bt d b g d Pt 4 4
' '

" N

' '

H H

e g o4 =t g

H > 9
' o Y

'

'

'

bt p=f g 4 g = g ey Py
'

H

'

H

-
-
"

e ST ) GLLETEEETETS FTPP PR

159




5 ’ - - - - - - - - - - - -
- - - - - - - - - - - -
w. L) ~m - MmN ~N - m ~N N - -
}
x 4 bt b S pmg et B B et P P e bt Dl g et e 4 D0 Sl g 0 Dt g 0=t B D 0
] [] [} [ ] [] [] [}
] ~ ] ) o [] ] ~N ] [}
3 ] ] [} - [ ] ] ’
] - ] ] ] ] ] ]
g 0111113 e ey =t Ll B o N B ]
o | ] ] ]
"y weo RL Qg
[} -— ) ] ]
] ) ] ]
[} ] [} [}
~N ] ' ' '
L N B B I R I I I I R R e I R I e o
.. [] § ] ) ] [] [ ]
Zz [] ~N [} ) 0 ] ] - [) [)
o [} - ] ] ] \ ] []
(ol - 9 ] ] ] [} [] [}
- .t et e oy e &I vt bt H
< v ¥ O ' ~—— ~®
() - o~ - ] [} ]
- x ( - ' ) Wwa '
- 9 ] ] [] )
Q. - ] [} ] []
w w ] ] ] ]
-l [ 4 x P g G G b g P g B G 0 g 0t g bt g Pt Pt Pt bt et et bl et B P 6 R
< ] [} ] ] 1 ] ]
" a ] - ] [) [ (] [} < [} ] o
-4 o ] - [] (] ] ] [] ] .
w 3 - 31 [} 1 [] ] .3 T (] —
- [- % o ® d ¢t 4 111118 e N I I ] 4
< <« © | —~M ) ~ ' '
® (9 o | 0\‘ " f - [} “ 2 []
-3 ) ] []
w (o) QI- ] ] ] ]
P | - P ] “ ] [
(O] [} L] ]
Z ~ Q P et b D 4 g S e 0t bt Sl beq b Ded Pod P Bt g b B et B g g ed g b e g
[ ’ ] ] [} [} [] ] []
w o) ~3 VoM - S oo '
-~ [] [} ] ) [} [} ]
. + P 1 ' ' a9 1l ' ]
- .o LI N NN et e 4 R I N ] [}
w w o~ gl t ~— ' oY
> a — - [} 2 ] t
w > ) 3 { J i n\va '
- - ] " ] [ ]
« ‘ [} ]
7] [- 4 ] ] ] i
w w Ll I I I e N I e I I e R e
ud Q. ] [] ) ]
[ 4 [] - 1 - ) - ]
— w 1 - ] - ) - )
7] - ] [ od ] o~ ] L] ]
FImuuNYZTWunon
_
b
-l e
3




Bt oo

Ty

SINGLE MATERIAL

AIRCAP

REPLICATION: 3

STRESS LEVEL: 0./ ps)

+160

TEMPERATURE

DROP HEIGHT

yos
Yoo
g
20+

1
1
91
1

I--=-1

153
3

1
1
1
1

300
1
1
1

1
1
11
1

I1----1

28

=0 bef g g

I

1

1
=

2400

1
1----1

%
"\

L I B

18
1
1 21
1

1
61

1
1---~1

1

1

1
70
2

\

[ I B B ]

12 1
B e T B T e B B R s Lt
1

1
1
1

g q g 4 >

1!.

- - - -

- - - -
N - N (2]
N R

[} ]

[] ~ [}

] [}

] ]

III!I(J

' 9

' 90 —

[]

[]

]

]

Pt Ot b=t Pt g =t Bnd Pt

[} ]

[) ~ ]

[] ]

] []

g

' Qr

] 7\!!

]

]

]

[]

Pt D=t >t bt Dt et Peg P

[] ]

] ["a) []

[] ]

] ]

-

'..al XI-'$

' S‘

]

]

[ ]

]

et Pt g bt Pt et e

] ]

] [~ [}

] - [}

[] ]

bttt bt

' o¢
-

! J

]

[}

]

bt et P S 4 et 4

]

t -

' -

] o~

—_EMOXXZWNTm

1o0
20+
300
300

g 06 bt g pufg =8 =4 Ot 4
] []

] [ []

[] [}

[] ]

g d =t e

[]

' T -

' w Y

[]

1

= et G e >t e e
[] [)

[] [} []

[} [)

[} [}
ﬂ.xllllﬁl

' vd

[]

[]

]

[

=g b 4 g P > ¢ v g
[) [}

] - [ ]

[} - ]

. L 1\
Illlxl

!

' ra
]

]

[]

=t g of 0= q 4 > P
] ]

(] ~N ]

] - (]

[} ]

=g = > Pt .
' P N
! oA
[]

[)

]

g =g Bt g B P4 g g
[]

[ ]

]

]

-
-
™M

161




SINGLE MATERIAL

AIRCAP

REPLICATION: /

STRESS LEVEL: 0.3 ps3y

TEMPERATURE:+ /G0

DROP HEIGHT

"=

-
(]
]
[]
[]

-
[}
[}
{
]
[}
]

-
]
]
]
]

(2]
[}
[}
]
1
]
]

-
]
[]
]
]

[
]
[
[]
[}
[}
[]

-
]
]
]
]

"~
[

]
]
]
[]
]
ey
!
]
]
]

300
1 1
1 51
I 1

1
1
81
I

2"00
1
1
1

1
1
4 1
1

180
1
1
1

1
1
I 121

I

198
\3

I

120
1

I
1
1
1

a\
2y

Dot bt D=t Dt Dut 0t 00 i bt St Dol et Pt Sy
[) ] []
] ) L <] []
(] ] []
] [] ]
- =
I-ln 1 u! -
[}
]
]
I N ]
[} ] ]
[} ) " ]
] [] []
3 L ] ]
~—t \11111440
vy -1 ~ d
[}
- ]
[ ]
[}
[]
Pt gt e g e =t et bt et e
] ] !
] ] ~ ]
' t '
‘ ' ! A
- _ - 0
I ) e
- V7]
]
]
]
[}
Pt Ot et et 0t et b b =t B et bt et 4
' ) '
1 "S- S
) ' '
' ' 1
—t [ W )
[}
]
]
]
]
[}

=g A >4 bed B P g Bl = = 4 e 4

]

- .

- )

- ) ~
-

THMUXXZWOHnW

0= g bt ed B =) 0 ) O
’ 1 !
' - ] '
] ] '
' U ”
4 e g g

, ~N S
' >
3 ]
) ]
4 ]
s ]
Tt 0=t =0 D=t bl b=t et 4 =4 0
[] [} '
[} < [) 1
] - [ ] ]
] [} "
e e b

' Q 9
' \ ﬁL '
1 ]
1 ]
1 ]
’ ]
o e 6 8 4 et P
' t '
t ~N ] !
] ] ]
] ] !
’

‘ T ol
¥ [}
) ]
' ]
1 ]
=t Pt g =t e et T
' ' '
] - ] !
t .- [] ]
bt i
e -4 -

)

H ™~ ) h
s []
1 ]
¢ 1
g ) g =4 Pd Pt =4 Pt P4
) [}
‘ - '
. - .
] L2 ]

162




e e e

NDOAOMEBERDI+ I

SINGLE MATERIAL

AIRCAP
STRESS LEVEL: 0.3/,3, REPLICATION: 2

TEMPERATURE:4/ GO

DROP HEIGHT

l 12. * I 18. ] I 2‘. ] I 30' L] I
cenelecncea]ecm]vronrn]eccn]oncna s]eves]recnncec]ecn=]
1 1 1 1 1 1 1 1 1
1 1 71 1 &} 1 S 1 1 91
1 I 1 1 1 1 1 1 1
1** 1 [e===1 Ie~==] Jow==] lewe=-1
1 1)) 1 1 1
I zL‘ 1 \;? 1 \“7 1 \%ﬂ 1
1 ) 1 1 \ 1 1
1 3 1 1 \ 1 8 1
----x-o-oobl-—onl—-----x covelevensn]vovalrcvaca]ecswa]
1 1 1 1 1 1 1- 1 1
b § 1 61 1 21 1121 I 11
1 1 1 1 1 I 1 1 1
2 1 Jo===1 Jeww=] lew==] jewe=l
; 47 e W™ % g
1 1 1 1 I8 1
T 3 1 220 19 | :
u---l---a--l----l L L T -oo-I-—----I--—-’ ------I coas]
1 b 1 1 1 1 1 1 1
1 I 81 110 1 1 111 1 31
I 1 1 1 1 1 1 1 1
LRSS ¢ Jew-=1 Jeme=] l==w-=-1 lJeow==]1
1 1 1 1 I
1 :255 1 t;:; 1 SYD 1 c’\ 1
1 5 1 1 1 1
1 3’ 1 1 2:7 1 115: I
----I-n-------—-l--—---c----I--—----—---x ---------—-I
163

200
200
300
roo
yoo
201
1o
3er
yos
gos
gos
200




SINGLE MATERIAL

AIRCAP

REPLICATION: 3

TEMPERATURE :+/50

STRESS LEVEL

DROP HEIGHT

2o
200
oy
yoe

0 bt bt bt b =t P4 b= Pt
] )
[} ~ ]
[] )
- [}
L B B I I )
o MM\O
3” o
]
]
1
et 0t g -l et et e e
] ]
[] o~ ]
[} - [ ]
- ¢ ]
L N W I e e}
~ i T
~ |} -
] -
]
[}
]
R R N W R R ]
] ]
] © ]
] ]
L2 | ]
0111112
8. -
- | T -
' —
]
[)
[}
P Rt bt e et g
) [
[) [+ [}
] ]
- 9 [}
® 4 e e ey 3
~o} g
- — -
1]
[}
[
]
et et S e bt e 4 b 4
]
[]
]
[}

-
-
-

200
yoo
200
300

>y

1
51
1

I----1
I
1
1
1

"4

I
I

a\

7

1

71
b¢

1----1

1
13
20

[ o ]

[ I

I

11
1

1----1

5%

bt = =y

4

1
1

o

I
2 1
1

1----1

[ I B ]

1

[ I a ]

u,
S A

et 8 g =t =t 4 -t v

‘

t

]

]

-
[

]

[}

[}

[}

]

-
[}

]

]

)

-
]

[}

]

'

]

]

L]
]

]

]

]

-
1
(]

[}

]

[]

1

—
]

[]

]

)

—
[]

]

[}

[]

]

]

-
]

] -
4 -

J o~
-

T~ O XX ITWHNn

poo
300
3o
pos

O R T )
[} [] ]
] o ' [}
] - ] ]
[} [] []
= 4 >4 g 4 []
TS
[}
' S '
(] 4
[} (]
[} [}
g 04 =4 b4 g Pl 4 g Pt Py
] ] []
[} a0 [ ] [ ]
(] ] (]
] [] “
-ttt 0 e
[} I 9
] 2 (]
[} T $
[] [ ]
' ]
] ]
P g Pt g 0 e e St e
[] ] ]
] " [ [}
] ] [} <t
' ' ' w
—_
-t e et [}
) Q‘ []
] 71 [}
' ™ '
[} []
[} []
] ]
8t 0t 0y P et e P
[} [] ]
[ ] - ] [}
] [ od [] ]
] [} ”
-t 4 e e
" a MM '
]
] 2 ]
[] [}
] []
] [ ]
et bg g bd P g g P Py
1 ]
1 - ]
] - ]
[] L4 [}




SINGLE MATERIAL

AIRCAP

l

REPLICATION:

STRESS LEVEL: 0.5 pg;

TEMPERATURE: +/&0

DROP HEIGHT

0 g 0=q 00 g P S0 Ong 0mq O
[] [ |
[} o []
[] (]
o | - ]
LN ] [ N ]
> w®
Lo |
' o
1
]
[}
0 g =t P g b=l g Bd g =4
] ]
1 - [}
[] - ]
- [ ] ]
® et g S g b n o0
< )
o~} a—
]
[)
]
’
=t g ot 0 o=t 0t 4 =t bed 04
| )
[ w ]
] ]
- ¢ '
® sy g 04 pq o 8
ab ) 3 o
- 1 -
' -
]
]
[}
4 e =g 4 0q 04 b 4 >
] [}
1 0 ]
[] [}
- [] []
. e bd P4 g g
~ SN
- 3 ol —
[)
]
]
.A
8t et Pt g Pt >t 2= e et
[}
]
)
[

-
-
-

1
1 101

1

1
1
1
1
1

1-==-1

8¢S

I

\8

1

21
1

1----1

[ N ]

1
¢
I

7
\q

l v
1121

1
XQ---I

63
2\

1

e >t ot

1

g 0l 0t g St P} =g g

3

1

1

1
I----
PR

4
24

T sceoleconec]mcev]lacccw]encre]ermcna]l~car]~encan]ee=e]
1
H
I
' 1
1
1
1
I

T O TWANWN

- - - -

3 - - -

- ~N - ~n

St g Py 0=t Pub 0t 04 0d b4 g
) (] []
[} ~ [] []
[] [} (]
[} § []
[ L N N ] [
' \n 0
! o !
[ ] [}
(] [)
N ]
P8 0=g g =4 54 0tk 0 Oud 04 g
[} ’ [}
[} © ] (]
] [} []
' ] (]
M V) OO0 O
[ )
) 52 )
1 ]
N (]
' [}
] [}
06 00 =4 P ) > 0=g 0y >4 0
] ] ]
] ~ ] '
[} ) [)
¢ [} [}
"4 =t vd g 04 [}
' Mg,
$ U.ll [}
1 ]
] ]
' ]
s [}
54 0 0 Py Pt S g g S e
] ’ []
[ ] - [] []
) ] ]
[} t [}
R R NN ]
! )
) 2_¢w ]
' []
N ]
q L
P9 0 0 bt =0 4 Pl g =t Bt
' 3
' - '
' - '
[} [} t

© — - . - -

165




SINGLE MATERIAL

AIRCAP

REPLICATION: 2

STRESS LEVEL: O.5 pa;

TEMPERATURE :4/60

DROP HEIGHT
12'* 1 18 1 24'' 1

1

-t -y
[]
]
[}
[]
-
[]
]
1
[)
]
]

-t
)
[]
]
[}

—
]
[
]
[]
]
]

-
]
[}
[}
(]

-4
[}
[}
]
[]
]
]

-4
]
)
)
]

[
]
[
[]
[}
]
]

(o]
]
]
1
]

>t

~

-4

(]

1121

(o]

1

(o]

e

I

1

g e et bt 0ed g ed ey

-
-
L

- - - -
L - - -
m N - 4]

g 0=t =g 0t Dug =t =4 P4 S
] [}

[] 0 (]

[] ]

[] []

g b= 04 =g g

! a ®©
]

[}

[}

]

et 0 0t =t 4 4 =t 4 e
[] ]

] o (]

] ]

] ]

=t =t 4 >t 0

t - O
" &=
[ ]

]

]

e 0t Dt md et = P
[] ]

[ 4] ]

] ]

: : I
IIIIIZ

1

] S l
[}

]

]

]

. st bt by o=t g e g
[] ]

s o [)

] - ]

[} ]

— e g 3 ™
: 7 A
[}

[}

]

]

s DG =t = 4t ot
H -

. -

[} o~

X MO ZIZWOHVWLY

2vs
20
yoo
oo

Pt P Pt et b bt Dt g Bt
[} ] ]
[] " 1 [
[} [] '
' s J
=0 4 =t »q 04 []
' I
]
’ 9 Q [}
] ]
] ]
' []
R R X N W )
] ] ]
[] a [} 1
] ] ]
[} ] "
v P b G ey
: Q ™~
! \n H
1 2.
] []
] []
[} ]
=t 0 =t bmt b S q =g Ot Pq
] ] '
] - 1 [}
] ] [)
[] [] []
" ot 4 = e [
' m‘" 1
' ™
] ]
1 []
[ )
' ]
= pd =4 g =g Pt P4 =4 = P
] ] '
[} ~N ] (]
[l ] 4
[] ] “
-t o =4 q g —
1 q‘ o ]
! A.L '
] ¢ '
] ]
] [}
] ]
d g >l b g Pt A el g Py
[ ]
] ¢
[ [}
] ]

-
-
[ 4]

166




- - - - - - - - - - - -
’ - - - - - - - - - - - -
- o~ " (4] - ~N (4] - ~N [ 4] - o~
0t B b g g et D Do Do Dt g DmD bmp Db b 0 g el B 0t Bt D) 0 D et 4 Bt g
[} (] 1 [} [} [} [}
[} (') ] [} (] ] [} [ 2] [} [}
w ] [ ] 1) [} [} ]
- .(v [} ] ] ] J
® g e ey o >t 4 b b 0p =0 0t 4 o+ (]
© ) - ™ S s ! T3
"m0 2 ) - IU1 ¢
' ‘ qg ' '
[} [} [} []
] | ] [} [}
L)) ' ' ! 1
et D=t 0t g 0 Pt et ot D) e b Bt Dl beg (e 0o e Png Pt 0t P4 ) b d 4 ) 4 Py
o0 ] [] [} [] (] [ ]
4 ] « ] ] ~N ] ! ~ § |} |
o ] - [] [} - [} [} [} ’ t
-t o |} ] % ] [ ] ] [} [ ] :
- LI R ) g e e e R N N [
m < <1 v o0 ! R g ~N
o - Ny ' — 2! r\u 1.
] - x ] — ] ] ]
3 -l <9 [] [] ] ]
o -t ) ] [ ]
wh w ] ] ] [}
- [ 3 x IIIIIIIIIII G4 04 0=t 04 4 Pt d S e G et 0 el et e .
] < ) ' ) ' ) ' '
3 - o [} - [] ] 0 [) ] ~ (] [}
a o [] [} [} [} [} [} t ~
w a [ 4 - ] S ] ] L] ] “ ._.W
L d o L N N N ] — gy (] 4 g 0 b
« « @ 1 ~ — ! 1 “ qn”
= [ « f 2 U
P ~ ' - ' < ' '
w - © ' ' ' '
: < 2 . “ - “
(Y] ]
4 5 =4 bt et Bt e Pt ot g el el =g PG 04 et Dot Pl g g el Py 4 Pmd b=b 0 =4 =0 =4 ¢
- - Q [] [} [} [] [] ] ]
(7] Q 3 ] [ -] ] [] o ) [} o ) [)
-~ ] [] [) ) [] - ) []
5 ® ! M\ g e fmnd
L1 - bd bd P4 g oy " = [ N ] ”e
~ = AP 230 ~ N.- ‘
> - |
w > ] [} : [ []
- | [ o ] [} [} t
< [} ) ) ]
" a [] ] ] ]
v w G4 et 0 g0t Pt g b 0t 0t g D P g 0 0 g q Ot g o d P e P bt P b
w & ] [} [} []
[-4 t o ' - ] - ] - ]
[t w ) - ] - ] - [}
[% - [] - ] ~N ] La] ]
FImOOZW0n0
1




APPENDIX B
PROGRAM LISTINGS
The programs necessary to exercise the developed models on the HP-9815A

follow. The format is the program step number, followed by the program instruc-~

tion.
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